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(54) METHOD OF MANUFACTURING SECONDARY BATTERY NEGATIVE ELECTRODE 

(57) The present invention relates to a process for 
producing an anode for a secondary battery, which is 
capable to reduce a contact resistance between a sin- 
tered material which contains silicon as an anode active 
material and a current collector. A binder and a solvent 
are mixed with a silicon-containing anode material to 
prepare a slurry A base material made of a foil or mesh 
of conductive metal is coated with the slurry, and the 
solvent is removed to form a coated film. The coated 
film is sintered in a non-oxidizing atmosphere, thereby 
integrating a sintered material of the coated film with the 
base material. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to an anode for a secondary battery using, as an electrode material, a sintered 
material which contains silicon as an active material, a process for producing the same, and a non-aqueous secondary 
battery using the same. 

w 

Description of the Related Art 

[0002] With the popularization of portable telephones and note-type personal computers, high-capacity lithium sec- 
ondary batteries containing a cathode active materia! and an anode active material, capable of incorporating and 

15 releasing lithium ions, have attracted special interest. Among them, demands for space-saved, thin square-shaped bat- 
teries have been particularly enhanced. For the purpose of enhancing the efficiency of the battery reaction by increas- 
ing the electrode area, a cathode and an anode obtained by coating a belt-shaped metal foil with a coating composition 
containing an active material, a binder and a conductive material are used in a current square-shaped battery, and 
these electrodes are contained in a battery can after winding, together with a separator, and pressing. 

20 [0003] This electrode is composed of about 40% by volume of an active material, 20 to 30% by volume of a binder, 
a conductive material and a metal foil, and 30 to 40% by volume of pores. Accordingly, there is a problem that those 
which do not contribute intrinsically to the capacity of the battery, such as binder, conductive material and metal foil limit 
the battery capacity per volume. When the wound electrodes described above are contained in the square-shaped can, 
it is impossible to fill corner portions of the battery and a useless space is formed. Therefore, the capacity per unit vol- 

25 ume is further lowered. 

[0004] Thus, a trial of forming the electrode of a sintered material made substantially of an active material has been 
made as a means for increasing the capacity per unit volume. When the electrode is formed of the sintered material, it 
is possible to eliminate the binder and to eliminate the conductive material or to reduce its amount thereby making^ it 
possible to increase the filling density of the active material and to enhance the capacity per unit volume. For example, 

30 Japanese Patent LakJ-Open Publication No. 5-299090 discloses an anode obtained by contact-bonding of a copper foil 
to a sintered material of a petroleum pitch or a carbonaceous material, while Japanese Patent Laid-Open Publication 
No. 8-180904 discloses a cathode formed of a sintered material of a composite oxide containing lithium and metal. 
[0005] As the anode active material, carbon materials, for example, amorphous carbon such as coke (e.g. Japa- 
nese Patent Laid-Open Publication No. 62-122066 and 1-204361) and glassy carbon (e.g. Japanese Patent Laid-Open 

35 Publication No. 2-66856); and natural graphite (eg. Japanese Patent Laid-Open Publication No. 62-23433) or artificial 
graphite (e.g. Japanese Patent Laid-Open Publication No. 4-190555) have been suggested. However, the battery 
capacity per unit volume is not sufficient even in case where any of amorphous and crystalline carbon materials is used 
and, therefore, a further improvement in performance is desired. 

[0006] To increase the battery capacity per unit volume, a trial of using silicon or its compound as the anode active 
40 material to form an anode has been made. For example, Japanese Patent Laid-Open Publication No. 7-29602 discloses 
a process of producing an anode, which contains using Li x Si (0 s x ^ 5) as an anode active material, adding graphite 
as a conductive material and a binder, forming the mixture into pellets and using a conductive adhesive as a current 
collector. Japanese Patent Laid-Open Publication No. 5-74463 discloses a process of producing an anode, which con- 
tains using a silicon single crystal as an active material and interposing it between nickel meshes. 
45 [0007] However, even if an anode which contains silicon as the active material is formed of a sintered material so 
as to increase the capacity per unit volume, the internal resistance of the battery is increased by a large contact resist- 
ance between a current collector and a sintered material, whereby the capacity is not improved necessarily at present. 
[0008] In view of the requisite capacity in case of using in the portable telephone, the base area of the electrode is 
preferably 4 cm 2 or more because of limitation of the thickness of the battery. 
so [0009] However, in the anode sintered material composed mainly of silicon, those satisfying these requirements 
simultaneously could have not obtained by a conventionally known technique. 

SUMMARY OF THE INVENTION 

55 [001 0] It is, therefore, an object of the present invention to provide a process for producing an anode for a second- 
ary battery, capable of reducing contact resistance between a current collector and a sintered material in an anode 
which contains silicon as an active material. 

[001 1] By sintering a silicon-containing coated film and a base material made of a foil or mesh of conductive mate- 
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rial, a high capacity can be obtained. That is, the process for producing an anode for the secondary battery of the 
present invention comprises: (a) adding a binder and a solvent to a silicon-containing anode material to prepare a 
slurry; (b) coating a base material made of a foil or mesh of conductive metal with the slurry and then removing the sol- 
vent to form a coated film; and (c) sintering the coated film in a non-oxidizing atmosphere, thereby integrating a sintered 

5 material of the coated film with the base material. 

[001 2] By sintering a silicon-containing coated film and a base material made of conductive metal in a non-oxidizing 
atmosphere, the contact area of interface between a sintered material and a current collector are increased, and the 
sintered material is integrated with the current collector, thereby making it possible to reduce the contact resistance 
between the sintered material and the cunrent collector and to provide an anode of a thin fflm whose conductivity has 

10 been improved. 

[0013] The anode material preferably contains a material to be carbonized by a heat treatment or a carbon mate- 
rial. In that case, it is preferred to use a composite powder obtained by heat-treating silicon or its compound at a tem- 
perature within a range from 600 to 1400°C in a non-oxidizing atmosphere in the presence of a material to be 
carbonized by the heat treatment or a carbon material. 
75 [001 4] The coated film is preferably sintered at a temperature lower than the melting point of conductive metal base 
material, thereby making it possfole to integrate the sintered material with the base material without causing thermal 
deformation of the base material. 

[001 5] By using any one metal selected from stainless steel, elements of the copper group and elements of the plat- 
inum group as the conductive metal, there can be obtained a current collector which is electrochemically stable even in 

20 a reduced state of the anode and has high conductivity. 

[0016] The anode for the secondary battery according to the present invention is characterized by an anode 
obtained by the process of sintering a coated film which is formed on a base material made of a foil or mesh of conduc- 
tive metal and comprises a silicon-containing anode material and a binder, thereby to integrate the anode sintered 
material with the base material. 

25 [0017] The anode for secondary battery according to the present invention can also be obtained by peeling a 
coated film from a base film for coating, pressing the coated film to a base material made of a foil or mesh of conductive 
metal, and sintering them, thereby integrating a sintered material of the coated film with the base material. When using 
the base film for coating, it also becomes possible to continuously process drying of a coated film coated with the slurry 
peeling of the coated film and recovery of the coated film, using a coated film winder, thereby simplifying the production 

30 process. 

[001 8] The thickness of the anode sintered material is preferably in a range of 1 0 to 500 jim, and the base area is 
preferably 4 cm 2 or more. Furthermore, the sintered material preferably contains 30 to 90% by weight of silicon and 10 
to 70% by weight of a carbon material. 

[0019] The non-aqueous secondary battery of the present invention comprises an anode obtained by sintering a 
35 coated film comprising a silicon-containing anode material, a binder and a base material made of a foil or net of con- 
ductive material, thereby integrating a sintered, material of the coated film with the base material; a cathode made of a 
lithium transition metal oxide as an effective ingredient; and an electrolyte obtained by dissolving a lithium compound in 
an organic solvent or a solid electrolyte containing a lithium ion-conductive non-aqueous electrolyte, the solid electro- 
lyte is obtained by incorporating a lithium compound into a polymer in a solid state or retaining the organic solvent con- 
40 taining the lithium compound dissolved therein with the polymer. It is preferred to use a sintered material made of a 
lithium transition metal oxide as a cathode 

[0020] The non-aqueous secondary battery of the present invention is preferably subjected to an electrochemical 
charge and discharge treatment. Not only charging/discharging at a high current density can be conducted, but also a 
high capacity can be obtained. 

45 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0021] This application is based on application No.10-142960 filed May 25, 1998 in Japan, the content of which is 
incorporated hereinto by reference. 

so [0022] The anode used in the present invention contains silicon as the anode active material. The silicon powder 
used in the present invention may be any of amorphous and crystalline of elemental substance of silicon. Furthermore, 
the silicon compound which can be converted into silicon by decomposing or reducing in a non-oxidizing atmosphere, 
for example, inorganic silicon compound such as silicon oxide; and organic silicon compound such as silicone resin and 
silicon-containing polymer compound, can be used in the present invention. Among them, the elemental substance of 

55 silicon is particularly preferred. The purity of the silicon powder is not specifically limited, however, the silicon content is 
preferably 90% by weight or more so as to obtain a sufficient capacity, and is preferably 99.999% by weight or less in 
view of economical efficiency. The particle diameter of the silicon powder is not specifically limited, however, those hav- 
ing an average particle diameter of 0.01 to 100 jim are preferably used in view of handling, cost of raw material and 
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uniformity of the anode material. 

[0023] The anode material used in the present invention is preferably a composite powder including the carbon 
material. The composite powder is made by subjecting silicon or its compound to a heat treatment in a non-oxidizing 
atmosphere at a temperature within a range where silicon is not molten and sufficient sintering can be conducted, for 
s example, 600 to 1400°C, preferably 800 to 1200°C in the presence of a carbon material or a material to be carbonized 
by the heat treatment The carbon material used herein includes, for example, coke, glassy carbon, graphite, carbon- 
ized pitch, and a mixture thereof. 

[0024] The material to be carbonized by the heat treatment includes, for example, thermosetting resin such as phe- 
nol resin, epoxy resin, unsaturated polyester resin, furan resin, urea resin, melamine resin, alkyd resin, and xylene 
10 resin; condensed polycyclic hydrocarbon compound or its derivative, such as naphthalene, acenaphthylene, phenan- 
threne, anthracene, triphenylene, pyrene, chrysene, naphthacene, picene, perylene, pentaphene, and pentacene; or 
pitch containing a mixture of the above condensed polycyclic hydrocarbon compound or rts derivative compound as a 
main component Among them, pitch is preferred. 

[0025] The conductive metal used as the base material may be any one metal selected from stainless steel, eie- 
15 merits of the copper group and elements of the platinum group, but is preferably copper which is easily reduced, and 
has high electric conductivity and cheap price. As the conductive metal, a foil or mesh may be used but the thickness 
is preferably from 3 to 100 ^un. 

[0026] The base film for coating may be any one which has smooth surface and is capable of peeling a coated film, 
and there can be used a polymer film of polyethylene, polypropylene, polyethylene terephthalate, and polyethylene 

20 naphthalate. These films are preferably subjected to a peeling treatment. The thickness is preferably from 3 to 100 jim. 
[0027] When the conductive base material or base film for coating is coated with the anode material, a publicly 
known binder dissolved in a suitable solvent such as water and N-methyl-2-pyrrofidone can be used. As the solvent, any 
of aqueous and non-aqueous solvents may be used. As such a binder, for example, there can be used any convention- 
ally known materials such as polytetrafluoroethylene. polyvinylidene fluoride, polyethylene, polypropylene, polyvinyl 

25 alcohol, and polyvinyl pyrrolidona 

[0028] The temperature at which the anode material to be sintered is preferably lower than the melting point of the 
conductive metal to be used. When using copper, the temperature is lower than the melting point of copper 1 083°C. and 
preferably from 500 to 900 P C. The sintering of the anode coated film and the sintering for producing a conposite pow- 
der which contains silicon and a carbon material can be combined. \ 

30 [0029] The thickness of the anode sintered material is preferably 1 0 \im or more in view of the strength, and is pref- 
erably 500 jim or less in view of the performance at a high current density. 

[0030] On formation of the battery, the base area of the anode sintered material is preferably 4 cm 2 or more so as 
to realize easy handling. 

[0031] The sintered material of the present invention is preferably a porous material having a porosity of 1 5 to 60% 

35 so that the electrolyte is sufficiently made contact with the active material. 

[0032] The cathode active material in the present invention may be any conventionally known material, and exam- 
ples thereof include Li x Co0 2 , LixNiOg. Mn0 2 , LixMn0 2 , U x Mn 2 0 4 , LixMn^yO* a-V 2 0 5 , and TiS^ 
[0033] The non-aqueous electrolyte used in the present invention may be a non-aqueous liquid electrolyte dissolv- 
ing a lithium compound in an organic solvent or a polymer solid electrolyte obtained by incorporating a lithium com- 

40 pound into a polymer in a solid state or retaining the organic solvent containing the lithium compound dissolved therein 
with the polymer. The non-aqueous liquid electrolyte is prepared by appropriately combining an organic solvent with an 
electrolyte, and the organic solvent and electrolyte may be any one which can be used in this kind of the battery. The 
organic solvent includes, for example, propylene carbonate, ethylene carbonate, vinylene carbonate, dimethyl carbon- 
ate, diethyl carbonate, methylethyl carbonate, 1.2-dimethoxyethane, 1 ,2-diethaxyethanemethylformate, butyrolactone, 

45 tetrahydrofuran, 2-metyhyrtetrahydrofuran, 1 ,3-dioxorane, 4-methyl-1 ,3-dioxofuran, diethyl ether, suHolane, methylsul- 
folane. acetonitrile, propionitrile, butyronitrile, valeronrtrile, benzonitrile, 1,2-dichloroethane, 4-methyl-2-pentanone, 1,4- 
dioxane, anisde, diglyme, dimethyrformamide and dimethyl sulfoxide. These solvents can be used alone, or two or 
more kinds of them can also be used in combination. 

[0034] The electrolyte includes, for example, LiCI0 4 , LiAsF 6 , UPF 6 , UBF 4 , LiBfCgHs)^ LiCI. LiBr, Lil, LiCH 3 S0 3 , 
so LjCF 3 S6 3 , and LiAICI 4 . These electrolytes can be used alone, or two or more kinds of them can also be used in com- 
bination. 

[0035] The polymer solid electrolyte used in the present invention may be those obtained by incorporating an elec- 
trolyte selected from the above electrolytes into a polymer described below in a solid state. The polymer includes, for 
example, polymer having a poryether chain, such as polyethylene oxide and polypropylene oxide; polymer having a pol- 
55 yester chain, such as polystyrene succinate and poJycaprolactam: polymer having a polyamine chain, such as polyeth- 
yleneimine; and polymer having a polysuffide chain, such as polyalkylenen sulfide. The polymer solid electrolyte used 
in the present invention may be plasticized polymer obtained by supporting the above non-aqueous liquid electrolyte 
with a polymer such as polyvinylidene fluoride, vinylidene f luoride-tetraf luoroethylene copolymer, polyethylene oxide. 
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polyacrylonitrile, and polypropylene oxide. 

[0036] The battery thus assembled using the above members is characterized by passing through the process of 
charging/discharging at a low current (aging process), thereby enabling the battery to exert charge/discharge at a high 
current density and high capacity. The reason why the charge/discharge effidency at a high current density of the bat- 
5 tery produced without passing through the process is low is assumed as follows. That is, the reaction with such a struc- 
tural change that crystalline silicon is converted into amorphous silicon by incorporating lithium into crystalline silicon is 
too slow to follow up the charge/discharge reaction at high current density. 

[0037] The following Examples further illustrate the present invention in detail but the present invention is not limited 
to the Examples. 

10 

Example 1 

[0038] An anode was made in the following procedure. A commercially available crystalline silicon powder having 
a purity of 99.9% and an average particle diameter of 1 nm and a phenol resin were mixed in an equivalent weight 

is amount with stirring, and then cured at 80°C for three days. The phenol resin used herein is that obtained by mixing 150 
weight parts of cresol (content of m-cresol: 38%) with 135 weight parts of an aqueous 30% formaldehyde solution and 
7.5 weight parts of 25% ammonia water, heating the mixture at 85°C for 105 minutes and removing water by vacuum 
distillation. The resulting cured silicon-containing phenol resin was sintered at 1100°C in a nitrogen atmosphere for 
three hours, and then dry-ground to obtain a silicon/carbon composite powder. This powder was converted into a slurry 

20 by using a solution of polyvinyiidene fluoride, as a binder, in N-methyl-2-pyrrolidone, and then both surfaces of a copper 
mesh were coated with the slurry The coated copper mesh was dried at 80°C and then cut into pieces having a size of 
22 mm x 20 mm. The copper mesh was exposed in the width of only 2 mm for current correction, followed by contact- 
bonding using a plate pressing machine. The resulting copper mesh-containing coated film was used as an anode after 
sintering at 900°C in a nitrogen atmosphere for three hours. The thickness of an anode sintered material was 220 >im. 

25 [0039] A cathode was made in the following procedure. Lithium carbonate U 2 C0 3 and cobalt carbonate C0CO3 
were weighed in a molar ratio of 1 :2 and then wet-mixed in a ball mill using isopropyl alcohol, followed by evaporation 
of the solvent and further calcinating at 800°C for one hour. The calcinated powder was ground again by using a vibra- 
tion mill and formed into a pellet of 20 mm x 20 mm x 0.5 mm in thickness under a pressure of 1 .3 ton/cm 2 , which was 
then sintered at 800°C for 1 0 hours to obtain a cathode. \ 

30 [0040] Those prepared by dissolving 1 mol/L of lithium hexaf luorophosphate in a mixed solvent of ethylene carbon- 
ate and dimethyl carbonate in a volume ratio of 1 :1 were used as an electrolyte. 

[0041] The square-shaped battery thus obtained was allowed to stand at room temperature for 24 hours and then 
the following charge/discharge test was conducted This battery was charged at a fixed current of 1 .5 mA and its dis- 
charge capacity was examined. The charge/discharge cycle started from charging. 

35 

Example 2 

[0042] An anode was made in the following procedure. A silicon powder was converted into a slurry by using a solu- 
tion of polyvinyiidene fluoride, as a binder, in N-methyl-2-pyrrolidone and, after coating a copper mesh with the slurry, 
40 the coated copper mesh was cut into pieces having a size of 22 mm x 20 mm. After sintering at 750°C for three hours, 
the same operation as in Example 1 was conducted to obtain an anode. The thickness of an anode sintered material 
was 200 urn. 

[0043] Then, a square-shaped battery was produced in the same manner as in Example 1 and a charge/discharge 
test was conducted. The results are shown in Table 1 . 

45 

Example 3 

[0044] An anode was made in the following procedure. A commercially available crystalline silicon powder having 
a purity of 99.9% and an average partide diameter of 1 pm, graphite and a pitch resin were mixed in toluene with stir- 
so ring, and then calcinated at 600°C in a nitrogen atmosphere for three hours to remove a volatile component. The solid 
matter was calculated again at 1 1 00°C in a nitrogen atmosphere for three hours after coarse grinding. A silicon/carbon 
composite powder was obtained by dry grinding. This powder was converted into a slurry by using a solution of polyvi- 
nyiidene fluoride, as a binder, in N-methyl-2-pyrrolidone and. after coating a copper mesh with the slurry; the coated 
copper mesh was dried at 80°C and cut into pieces having a size of 22 mm x 20 mm. The same operation as in Example 
55 1 was conducted to obtain an anode. The thickness of an anode sintered material was 240 jira 

[0045] Then, a square-shaped battery was produced in the same manner as in Example 1 and a charge/discharge 
test was conducted. The results are shown in Table 1 . 
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Example 4 

[0046] An anode was made in the following procedure. The silicon/carbon composite powder obtained in the same 
manner as in Example 1 was converted into a slurry by using a solution of polyvinylidene fluoride, as a binder, in N- 
5 methyl -2-pyrrolidone and, after coating a PET (polyethylene terephthalate) film with the slurry; the coated film was cut 
into pieces having a size of 22 mm x 20 mm. The cut film was placed on a copper foil having a size of 22 mm x 20 mm, 
followed by contact-bonding using a plate pressing machine. The resulting copper foil-containing coated film was sin- 
tered at 800°C in a nitrogen atmosphere for three hours to obtain an anode The thickness of an anode sintered material 
was 220 iim. 

10 [0047] Then, a square-shaped battery was produced in the same manner as in Example 1 and a charge/discharge 
test was conducted. The results are shown in Table 1 . 

Comparative Example 1 

is [0048] In the same manner as in Example 1, except that a commercially available silicon wafer having a thickness 
of 200 yam was used as the anode, a square-shaped battery was produced in the same manner as in Example 1 and a 
change/discharge test was conducted. 

[0049] It has been found that any battery whose charge amount exceeds 20 mAh causes short circuit in the test. A 
high discharge capacity could not be obtained by using a commercially available silicon wafer because it is necessary 
20 to limit the amount of lithium to be incorporated into the anode. The results are shown in Table 1 . 

Comparative Example 2 

[0050] The silicon/carbon composite powder obtained in the same manner as in Example 1 was converted into a 
25 slurry by using a solution of polyvinylidene fluoride as a binder in N-methyt-2-pyrrolidone as a solvent and, and then a 
copper film was coated with the slurry The coated copper film was dried at 140°C and cut into pieces having a size of 
22 mm x 20 mm, followed by contact-bonding using a plate pressing machine to obtain an anode. The thickness of the 
coating film of this anode was 210 um. 

[0051] Then, a square-shaped battery was produced in the same manner as in Example 1 and a charge/discharge 
30 test was conducted. The results are shown in Table 1 . 

[0052] As is apparent from Table 1 , a high capacity such as 62 to 98 mAh was obtained in Examples 1 to 4. 

Example 5 

35 [0053] In the same manner as in Example 1 . except that the thickness of the anode sintered material was adjusted 
to 200 urn, a square-shaped battery was produced and a charge/discharge test was conducted. 
[0054] In the charge/discharge test, a ratio of a discharge capacity at a current density of 200 mA/g to that at a cur- 
rent density of 20 mA/g was evaluated to confirm dependence on the current density. The results are shown in Table 2. 

40 Example 6 

[0055] In the same manna- as in Example 1 , except that the thickness of the anode sintered material was adjusted 
to 400 urn, a square-shaped battery was produced and a charge/discharge test was conducted. The results are shown 
in Table 2. 

45 

Comparative Example 3 

[0056] In the same manner as in Example 1 , except that the thickness of the anode sintered material was adjusted 
to 600 jim, a square-shaped battery was produced and a charge/discharge test was conducted. The results are shown 
so in Table 2. 

[0057] In Examples 5 and 6, the dependence of the capacity on the discharge density was smaller than that in 
Comparative Example 3. thereby obtaining such an effect that the capacity is hardly lowered even if the current density 
is increased. 

55 Comparative Example 4 

[0058] In the same manner as in Example 1 , except that the thickness of the anode sintered material was adjusted 
to 5 um, a trial of producing a square-shaped battery was made. However, a battery could not be produced because of 



6 



40 



EP1011 160 A1 



poor strength. 
Example 7 



10 



[0059] In the same manner as in Example 3. except that the coated film was cut into pieces having a size of 20 mm 
x 40 mm and sintered at 800°C in a nitrogen atmosphere for three hours, an anode was obtained. 
[0060] In the same manner as in Example 1 . except that the size of a cathode was adjusted to 20 mm x 40 mm, the 
cathode was obtained. 

[0061 ] Those prepared by dissolving 1 mol/L of lithium hexaf luorophosphate in a mixed solvent of ethylene carbon- 
ate and dimethyl carbonate in a volume ratio of 1 :1 were used as an electrolyte. 

[0062] The square-shaped battery thus obtained was allowed to stand at room temperature for 24 hours and sub- 
jected to such a process of incorporating and releasing lithium at a current of 5.3 mA (40 mA/g) to the anode, and then 
a charge/discharge test was conducted at a current of 20 mA (150 mA/g). The results are shown in Table 3. 



75 Example 8 

[0063] The square-shaped battery described in Example 1 was allowed to stand at room temperature for 24 hours 
and a charge/discharge test was conducted immediately at a current of 20 mA. The results are shown in Table 3. 
[0064] As is apparent from Table 3. there could be obtained such an effect that the capacity is remarkably increased 
20 by subjecting the assembled battery to an electrochemical charge/discharge treatment. 

[0065] As is apparent from the above explanation, according to the present invention, it becomes possible to reduce 
contact resistance between a sintered material containing silicon and a current collector, thereby providing the second- 
ary battery with a satisfactory high capacity. 



25 



30 



35 



[Table 1] 





Discharge capacity 
(mAh) 


Example 1 


80 


Example 2 


62 


Example 3 


98 


Example 4 


78 


Comp. Example 1 


5 • 


Comp. Example 2 


5 



[Table 2] 



45 



50 



55 





Thickness of anode 
(**m) 


Dependence on 
discharge current 
density 


Example 5 


200 


0.9 


Example 6 


400 


0.8 


Comp. Example 3 


600 


0.3 



Dependence on discharge current density: 

Discbarge capacity at current density of 200 mA/g 
Discharge capacity at current density of 20 mA/g 
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[Table 3] 





Battery capacity (mAh) 


Example 7 


200 


Example 8 


50 



Claims 

1 . A process for producing an anode for a secondary battery said process comprising: 

(a) adding a binder and a solvent to a silicon-containing anode material to prepare a slurry; 

(b) coating a base material made of a foil or mesh of conductive metal with the slurry; and then removing the 
solvent to form a coated film; and 

(c) sintering the coated film in a non-oxidizing atmosphere, thereby integrating a sintered material of the coated 
film with the base material. 

2. A process according to claim 1, wherein the silicon-containing anode material is a composite powder obtained by 
heat-treating silicon or silicon compound in a non-oxidizing atmosphere in the presence of a material to be carbon- 
ized by the heat treatment or a carbon material. 

3. An anode for a secondary battery comprising: 

a base material made of a foil or mesh of conductive metal; and 

an anode sintered material formed on the base materia! integrally with the base material by the process of sin- 
tering a coated film which is coated on the base material and comprises a silicon-containing anode material 
and a binder. 

4. A process for producing an anode for a secondary battery said process comprising: 

(a) adding a binder and a solvent to a silicon-containing anode material to prepare a slurry; 

(b) coating a base film for coating with the slurry and then removing the solvent to form a coated film; 

(c) peeling the coated film from the base film for coating, and then contact-bonding the coated film to a base 
material made of a foil or mesh of conductive metal; and further sintering the coated film, thereby integrating a 
sintered material of the coated film with the base material. 

5. An anode for a secondary battery comprising a sintered material which contains silicon as an anode active mate- 
rial, wherein the sintered material is integrated with a base material made of a foil or mesh of conductive metal, and 
has a thickness in a range of 10 to 500 urn and a base area of not less than 4 cm 2 . 

6. A non-aqueous secondary battery comprising: 

an anode obtained by sintering a coated film comprising a silicon-containing anode material and a binder and 
a base material made of a foil or net of conductive material, thereby integrating a sintered material of the 
coated film with the base material; 

a cathode made of a lithium transition metal oxide as an effective ingredient; and 

an electrolyte dissolving a lithium compound in an organic solvent, or a solid electrolyte containing a lithium 
ion-conductive non-aqueous electrolyte, the solid electrolyte being obtained by incorporating a lithium com- 
pound into a polymer or retaining the organic solvent containing the lithium compound dissolved therein with 
the polymer. 

7. An secondary battery according to claim 6, wherein the battery is subjected to an electrochemical charge and dis- 
charge treatment. 



8 



EP1 011 160 A1 



INTERNATIONAL SEARCH REPORT 


International application No. 




PCT/JP99/02729 



A. C! ASSIFICATION OF SUBJECT MATTER 

Int. CI* H01M4/04, H01M4/02, H01M4/36, H01M10/40 



According to International Patent Classification (IPC) ur to both national classification and IPC 

B. FIELDS SBARC1 IED 

Minimum documentation searched (classification system followed by classification symbols) 
Int. CI* H01M4/04, 4/02, H01M4/36, H01M10/40 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

Jitsuyo Shinan Koho 1926-1996 Toroku Jitsuyo Shinan Koho 1994-1999 

Kokai Jitsuyo Shinan Koho 1971-1999 Jitsuyo Shinan Toroku Koho 1996-1999 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



JP r 08-236104, A (Asahi Organic Chemicals Industry 
Co., Ltd.)* 

13 September, 1996 (13. 09. 96), 

Claims ; page 3, column 4, lines 31 to 41 

(Family: none) 

JP, 08-213012, A (Mitsui Toatsu Chemicals , Inc. ) , 
20 August, 1996 (20. 08. 96), 
Claims ; page 6, column 9, lines 25 to 29 
(Family: none) 

JP, 08-148141, A (Murata Mfg. Co., Ltd.), 
7 June, 1996 (07. 06. 96), 

Claims ; page 2, column 2, lines 24 to 37 
(Family: none) 

JP, 9-7638, A (Seiko Instruments Inc.) r 
10 January, 1997 (10. 01. 97), 
Claims ; page 8, column 13, lines 29 to 43 
6 WO, 9701193, Al & EP, 840386, Al 



1-7 



1-7 



1-7 



1-7 



fx"| Further documents are listed in the continuation of Box C | | See patent family annex. 



* Special c a t e gories of cited documents: 

"A* doeaneni defnring the general state of the art which b not 

considered lo be of particular relevance 
"E" earlier document bat published oo or after the inicraaiioea) filing date 
"L" document which may throw doubts on priority ctaim(s) or which is 

died to catabtiah the publication dale of another citation or other 

special reason (as specified) 
"O" document referring to an < 



I filing date bat 



"T bter dcKwmetd puWishcd after the international filing date or priority 

date and oot in conflict with the application but cited to understand 

the principle or theory underlying the invention 
*X" document of particular relevance; the claimed invention cannot be 

considered novel or cannot be considered to involve an isveutrve step 

when the document b taken alone . 
"V document of particular relevance; the claimed invention cannot be 

considered to Involve an inventive step when the document b 



document published prior to the n 
the priority date claimed 



Date of the actual completion of the international search 
20 August, 1999 (20. 08. 99) 


Date of mailing of the international search report 

31 August, 1999 {31. 08. 99) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/lSA/210 (second sheet) (July 1992) 



9 



1Q11160A1 I > 



EP1011 160 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/JP99/02729 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Otation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



EA 



JP, 07-326346, A { FDK Corp.)/ 

12 December, 1995 (12. 12. 95), 

Claims ; page 2, column 2, lines 24 to 4 6 

WO, 9824135, Al (Kao Corp.)/ 
4 June, 1998 (04. 06- 98), 
Claims ; page 6, lines 12 to 29 



1-7 



1-7 



Form PCT/ISA/210 (continuation of second sheet) (July 1992) 



10 



